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(54) Control system for controlling a fuel direct injection type engine 



(57) An engine control system for controlling opera- 
tion of an engine of a type injecting fuel directly into a 
combustion chamber in different injection modes 
according to engine operating conditions has a map of 
engine control values with respect to specified engine 
operating conditions at intersection points of a grid pat- 
tern in which engine control values at extreme intersec- 
tion points adjacent to a boundary between adjacent 
injection modes is discontinual. The engine control sys- 

FIG. 1 



tern calculates an engine control value for an engine 
operating condition by interpolation with the aid of 
engine control values at the intersection points and 
determines an engine control value for an engine oper- 
ating condition at a point closer to the boundary than the 
extreme intersection point of one injection mode based 
on engine control values at intersection points of the 
one injection mode only. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

The invention relates to a control system for a fuel direct injection type of automobile engine. 
2. Description of the Related Art 



Fuel direct injection engines are changeable in fuel injection mode according to engine operating conditions. Such 
a fuel direct injection engine described in, for example, Japanese Unexamined Patent Publication No. 8 - 189405 is 
changeable among different injection modes, namely a compression stroke injection mode or latter injection mode tak- 
ing place during engine operation in a range of lower engine loads where the engine has a demand for a relatively small 

15 amount of fuel, an intake stroke injection mode or early injection mode taking place during operation in a range of higher 
engine loads where the engine has a demand for a relatively large amount of fuel, and a split injection mode taking 
place during operation in a range of moderate engine loads which is a transitional range from the lower load range to 
the higher load range and vice versa. The term "compression stroke injection" or "latter injection" mode refers to a mode 
in which fuel injection is effected at a time in the latter half of an compression stroke of the engine, the term "intake 

20 stroke injection" or "early injection" mode refers to a mode in which fuel injection is effected at a time in a period includ- 
ing a full intake stroke and the early half of a compression stroke of the engine, and the term "split injection" mode refers 
to a mode in which fuel injection is separately effected in an intake stroke and in a compression stroke. This fuel direct 
injection engine is controlled in operation with a control value such as an ignition time which is determined from a con- 
trol map according to engine operating conditions and varied according to the injection modes. 

25 Typically, such an ignition control map comprises a great number of intersection points of a grid pattern represent- 
ing the relationship between parameters concerning engine operating condition and control value. If the parameter is in 
a position between intersection points, the control value is calculated by interpolation with the aid of values at adjacent 
intersection points between which the parameter is. For example, as seen in Figure 9 showing a prior art control map 
regarding the relationship between engine load and ignition time which defines a latter injection mode area and a split 

30 injection mode area, if the present engine load ac is in close proximity to the boundary between the two injection mode 
areas and takes an in-between position limited by an extreme intersection point Ta in the latter injection mode area and 
an extreme intersection point Tb in the split injection mode area, an ignition time T for the engine load ac is calculated 
by interpolation with the aid of values at the intersection points Ta and Tb. That is, the ignition time T takes an interme- 
diate value between the values at the intersection points Ta and Tb. The ignition time varies linearly or continually 

35 between the values at the intersections Ta and Tb with a change in engine load. 

A transition, for example, from the latter injection mode area to the split injection mode area is generally accompa- 
nied by a signif icant change in engine operating condition which must be too sudden to timely achieve the calculation 
of ignition time by interpolation, leading to a delay in timely ignition, and hence to unstable engine operation. At a tran- 
sition from the latter injection mode to the split injection mode, it is necessary to advance ignition timing to cause early 

40 combustion depending on expansion of an area for diffusion of injected fuel partly allocated to homogeneous charge 
combustion. In other words, a minimum advance for best torque (MBT) is needed to be shifted to an advanced side. If 
the shift of ignition timing toward the advanced side is slow, ignition is hard to occur in well response to a rapid switch 
of injection mode, which always causes torque shocks. 

45 SUMMARY OF THE INVENTION 

It is an objective of the invention to provide an engine control system which controls precisely engine operation 
quickly following a change in injection mode. 

The foregoing object of the present invention is achieved by providing an engine control system for controlling oper- 

50 ation of an internal combustion engine of a direct injection type which injects fuel directly into a combustion chamber of 
the engine in different injection modes, such as an early injection mode in which fuel injection is made in an intake 
stroke, a split injection mode in which fuel injection is separately made in an intake stroke and in a compression mode 
and a latter injection mode in which fuel injection is made in a compression stroke, according to engine operating con- 
ditions. The engine control system includes a memory which stores data of a control map of engine control values with 

55 respect to specified engine operating conditions at intersection points of a grid pattern. In the control map. engine con- 
trol values for the specified engine operating conditions at extreme intersection points on opposite sides of a boundary 
between each adjacent injection modes are discontinual. An engine control value for a detected engine operating con- 
dition is calculated by interpolation with the aid of engine control values at the intersection points and an engine control 
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value for a detected engine operating condition at a point closer to the boundary of one of the adjacent injection modes 
than the extreme intersection point of the one injection mode is, and. however, calculated not by interpolation with the 
aid of an engine control value at the extreme intersection point of the one adjacent injection mode and a value at the 
extreme intersection point of another of the adjacent injection modes but based only on engine control values at inter- 

5 section points in the one injection mode. 

With the engine control system of the invention, in the event where an engine operating condition is at a point in 
close proximity to a boundary between adjacent injection modes, an engine control value is not calculated by interpo- 
lation with the aid of engine control values at intersection points belonging to the respective adjacent injection modes 
which are different from each other. As a result, a change in engine control value is prevented from blunting and quickly 

w responds to a switch from one injection mode to another. 

The control map may further define a virtual intersection point as one of intersection point for the one injection 
mode which is assigned to an engine operating condition demanding engine operation in the other injection mode and 
specifies an engine control value which is suitably taken assuming that the engine operates with the engine operating 
condition in the one injection mode. When an engine operating condition is at a point in close proximity to the boundary 

is between the adjacent injection modes, the engine control value is calculated by interpolation with the aid of the engine 
control values at the extreme intersection point and the virtual intersection point both of the one injection mode to which 
the engine operating condition belongs. Or otherwise, the engine control value for an engine operating condition at a 
point in close proximity to the boundary between the adjacent injection modes may be determined based only on engine 
control values of the one injection mode to which the engine operating condition belongs. For example, the engine con- 
trol value at the extreme intersection point of the one injection mode is taken as the engine control value for an engine 
operating condition at a point closer to the boundary between the adjacent injection modes than the extreme intersec- 
tion point of the one injection mode. 

The control map may comprises a single map section covering the entire range of engine operating conditions, or 
otherwise may comprise map sections specified to at least two injection modes, respectively. Specifically, the control 

25 map comprises map sections specified to at least two of an early injection mode in which fuel injection is made in an 
intake stroke, a latter injection mode in which fuel injection is made in a compression stroke, and a split injection mode, 
in which fuel injection is separately made in an intake stroke and in a compression stroke. This control map permits a 
simple calculation of engine control value based on engine control values at the intersection points of a control map for 
one injection mode to which the engine operating condition belongs, which always desirable for changing an engine 

30 control value in response to a switch of injection mode. 

In the latter injection mode a fuel injection time is determined so as to force fuel to reach near around an ignition 
plug at or until a time of ignition, as a result of which, fuel is concentrated locally around the ignition plug so as to be 
enriched relatively to other part in the combustion chamber and stratified charge combustion is stably made with an 
effect of reduced fuel consumption. 

35 It is desirable to switch the early injection mode, the split injection mode and the latter injection in this order in a 
direction in which an engine load as the engine operating condition increases. 

In the case where an ignition time is controlled as the engine control value, it is desired to establish the control map' 
so that an ignition time is discontinually advanced in order for the engine to provide sufficient output torque during a 
switch from the latter injection mode to the split injection mode or during a switch from the split injection mode to the 
early injection mode. This is because, during such a switch of injection mode, the proportion of fuel which is diffused 
uniformly in the combustion chamber is increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 The foregoing and other objects and features of the present invention will be clearly understood from the following 
detailed description of preferred embodiments when read in conjunction with the accompanying drawings in which: 

Figure 1 is a schematic illustration of a fuel direct injection type of internal combustion engine equipped with an 
engine control system in accordance with an embodiment of the invention; 

so 

Figure 2 is a diagrammatic illustration showing fuel injection modes; 

Figure 3 is a diagrammatic illustration showing a control map of injection time and ignition time with respect to 
engine operating condition; 

55 

Figure 4 is a diagrammatic illustration showing the relationship between opening of a swirl control valve and engine 
load; 
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Figure 5 is a flow chart illustrating an ignition timing control sequence routine for a microcomputer of an engine con- 
trol unit; 

Figure 6 is a flow chart illustrating an injection control sequence routine for the microcomputer of the engine control 
unit; 

Figure 7 is an explanatory illustration showing a calculation of ignition time; 
Figure 8 is an explanatory illustration showing another calculation of ignition time; and 
Figure 9 is an explanatory illustration showing a prior art calculation of ignition time by interpolation. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

15 Referring to the drawings in detail and, in particular, to Figure 1 showing a fuel direct injection type of internal com- 
bustion engine 10 with an engine control system in accordance with an embodiment of the invention, the engine 10 has 
a plurality of cylinders 12 (only one of which is shown) in which a piston 14 is received and slides. A combustion cham- 
ber 16 is formed above a top of the piston 14 in the cylinder 12. The cylinder 12 is provided with two intake ports and 
two exhaust ports, all of which open into the combustion chamber 1 6 and are opened and shut at predetermined timings 

20 by intake valves 17 and exhaust valves 18, respectively. The engine 10 is equipped with an ignition or spark plug 20 
with the electrode tip placed down into the combustion chamber 1 6. A direct injection valve 22 is installed to a side wall 
of the engine to inject fuel directly into the combustion chamber 16. Various types of fuel injectors are known in the art, 
and the fuel injector 22 may take any well known type. The fuel injector 22, which incorporates a needle valve and sole- 
noid (both of which are not shown), keeps the needle valve open depending upon a pulse width of a fuel injection pulse 

25 adjusted and supplied to the solenoid so as to deliver a correct air-fuel ratio for any given engine demand. 

Intake air is introduced into the cylinder 1 2 through an intake passage 24 comprising a common intake pipe 24a as 
an upstream part and two separate intake pipes 24b as a downstream part branching off from the downstream end of 
the common intake pipe 24a to the intake ports, respectively. The common intake pipe 24a is equipped in order from 
the upstream end with an air cleaner 25, an air flow sensor 26, an electrically controlled engine throttle 28 and a surge 

so tank 30. One of the separate intake pipe 24b is equipped with a swirl control valve 32 by which the intake port is opened 
and shut. Exhaust gas is discharged through an exhaust passage 34 equipped with emission control devices such as 
catalytic converters 35 and 36 for converting emissions. 

The engine 10 is further equipped with various sensors including an engine speed sensor 37 and a throttle position 
sensor 38 for generating and sending engine speed signal and throttle position signal to an engine control unit 40 as 

35 schematically shown in block in Figure 1. The engine control unit 40 comprises a microcomputer having functional 
blocks, namely operating condition monitoring means 42, fuel injection control means 44, and ignition control means 
46. 

The operating condition monitoring means 42 receives signals from at least the sensors 26, 37 and 38 to constantly 
monitor engine operating conditions including engine speed, load, throttle position, etc. 

40 The fuel injection control means 44 determines the amount of fuel to be injected and a time of fuel injection accord- 
ing to engine operating conditions and provides control signals for an injector driver 48. The injector driver 48 pulses 
and causes each fuel injector to open. The width of pulse is constantly adjusted based on the incoming signals so as 
to deliver correct air-fuel ratio for any given engine demand. The fuel injection control means 44 memorizes data relat- 
ing to injection time and ignition time in the form of a control map defined by injection control modes specified according 

45 to engine speed and load (which is represented by throttle position or opening in this embodiment) as parameters. 
Injection control is perfomed in different injection modes MD1 , MD2 and MD3 which are selected according to engine 
operating conditions, i.e. engine speed and engine load, specified at intersection points of a grid pattern shown in Fig- 
ure 2. Grid pattern in Figure 2 is shown only for the purpose of explanation. 

Figure 3 shows a control map of injection time and ignition time for a relatively low engine speed such as 1 ,500 rpm 

so by way of example. This control map is divided into two map sections for injection time and ignition time. The injection 
control map section defines three injection modes according to engine loads, namely first, second and third injection 
modes MD1 , MD2 and MD3 in order from the lower load side. Each injection control map takes the form of grid pattern, 
at intersection points of which injection times are plotted. There is provided a hysteresis between an increasing engine 
load and a decreasing engine load at a boundary of adjacent injection modes. Specifically, an engine load at a bound- 

55 ary between the first and second injection modes MD1 and MD2 takes a value AC1 when decreasing and a value AC1 * 
greater than the value AC1 when increasing. Similarly, an engine load at a boundary between the second and third 
injection modes MD2 and MD3 takes a value AC2 when decreasing and a value AC2' greater than the value AC2 when 
increasing. 
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The first injection mode MD1 is provided for a low engine load range in which the engine 10 has a demand for a 
small amount of fuel and latter injection (which refers to fuel injection made in a compression stroke) is made to stratify 
a fuel mixture in a manner that fuel is charged so as to be lean in the whole area of combustion chamber 16 and, how- 
ever, concentrated locally around the ignition plug 20 so as to be enriched relatively to other part in the combustion 

5 chamber 16. Accordingly, in the first injection mode MD1, an fuel injection time relative to an ignition time is determined 
so as to force fuel to reach directly around the ignition plug 20, or otherwise to rebound from the top of the piston 14 
with an effect of being directed toward the ignition plug 20. The second injection mode MD2 is provided for a moderate 
engine load range, a transitional range between the lower engine load range and a higher engine load range, in 
which split injection (which refers to fuel injection made partly in an intake stroke and partly in a compression stroke) is 

w made to cause homogeneous charge combustion of part of the necessary amount of fuel mixture through early injec- 
tion (which refers to fuel injection made in an intake stroke) and stratified charge combustion of the remaining part of 
the necessary amount of fuel mixture through latter injection. The third injection mode MD3 is provided for a higher 
engine load range in which the engine 10 has a demand for a large amount of fuel and early fuel injection is made to 
charge fuel uniformly in the whole area of combustion chamber 16. 

is The ignition control means 46 determines and controls an ignition time relative to an injection time according to 
engine operating conditions. The ignition control map section comprises three ignition time control maps, namely first, 
second and third ignition time control maps MP1 , MP2 and MP3 in order from the lower load side, provided correspond- 
ingly to the first, second and third injection control mode MD1 , MD2 and MD3, respectively. Each injection control map 
takes the form of grid pattern, at intersection points of which ignition times are plotted. An ignition time at a practical 
engine load is calculated by interpolation with the aid of values at intersection points between which the practical engine 
load is. 

The first ignition control map MP1 is provided correspondingly to the first injection mode MD1 for the lower engine 
load range in which, while a small amount of fuel is charged, a large amount of air is introduced to cause stratified 
charge combustion. Because there is almost no change in combustion speed in the lower engine load range, ignition is 

25 made at substantially a fixed timing in spite of engine load. During a switch from the first injection mode MD1 to the sec- 
ond injection mode MD2, fuel is partly used for homogeneous charge combustion and diffused in an increased area of 
combustion chamber 16. which causes a demand for advanced ignition and early commencement of fuel injection in 
order for the engine 10 to produce sufficient engine output torque. For this reason, the first and second ignition control 
maps MP1 and MP2 are designed and adapted to advance ignition time discontinually during a switch from the first 

30 injection mode MD1 to the second injection mode MD2. Similarly, fuel is entirely used for homogeneous charge com- 
bustion, the second and third ignition control maps MP2 and MP3 are designed and adapted to advance an ignition time 
discontinually during a switch from the second injection mode MD2 to the third injection mode MD3 for the same reason. 
Further, each of the second and third ignition control maps MP2 and MP3 for the moderate and higher engine load 
ranges, respectively, in which the amount of fuel to be injected is increased with an increased in engine load is designed 

35 and adapted to retard ignition timing with an increase in engine load. Although a change in engine speed is accompa- 
nied by fluctuations in ignition timing relative to throttle positions, the control map provided for an engine speed of 1,500 
rpm shown in Figure 3 by way of example is basically available for various engine speeds. In the event where a throttle 
position has a value at a position within an ignition control map and in close proximity to a boundary of the ignition con- 
trol map, in other words, at a position between an extreme intersection point of the ignition control map and an extreme 
intersection point of an adjacent ignition control map, the ignition control means 46 calculates an ignition time based 
only on the value defined not in the adjacent ignition control map but in the ignition control map which the throttle posi- 
tion belongs to. 

Each adjacent ignition control maps overlap with each other in conformity with the hysteresis for throttle position. 
Specifically, a boundary throttle position between the first and second ignition control maps MP1 and MP2 is given a 

45 value ACV in a direction in which engine load (throttle position) increases and a value AC1 , smaller than the value AC1 \ 
in a direction in which engine load (throttle position) decreases. Similarly, a boundary throttle position between the sec- 
ond and third ignition control maps MP2 and MP3 is given a value AC2' in the increasing direction and a value AC2, 
smaller than the value AC2', in the decreasing direction. Whereas, it is not necessary to provide hysteresis in these con- 
trol maps, however, the provision of hysteresis yields an effect of eliminating or significantly reducing hunting. 

so The engine control unit 40 controls the swirl control valve 32 to open variably according to engine operating condi- 
tions. Specifically, the engine control unit 40 causes the swirl control valve 32 to remain open constantly in spite of 
engine load in a range of higher engine speeds and to vary its opening according to engine loads as shown in Figure 4 
in a range of lower engine speeds. As shown in Figure 4, because if a strong swirl of air is generated in the first injection 
mode MD1 for the lower engine load range in which a small amount of fuel is injected, fuel is diffused too far to achieve 

55 favorable stratified charge combustion, the swirl control valve 32 is controlled to remain open half. However, the swirl 
control valve 32 is controlled to close gradually with an increase in engine load in the moderate engine load range and 
to remain fully closed in the higher engine load range. 

The operation of the engine control system depicted in Figure 1 is best understood by reviewing Figures 5 and 6, 
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which are flow charts illustrating routines for the microcomputer of the engine control unit 40. 

Referring to Figure 5 showing a flow chart illustrating the ignition time control sequence routine, the flow chart logic 
commences and control proceeds directly to a function block at step S101 where an engine operating condition includ- 
ing a current throttle position or opening ac is detected. Subsequently, the throttle position ac is compared with the 

5 boundary value AC1 which belongs to the second injection control mode MD2 at step S1 02. When the throttle position 
ac is equal to or smaller than the boundary value AC1 , this indicates that the throttle position ac has a value for which 
the first injection control mode MD1 is taken, then, after switching injection control to the first injection control mode 
MD1 at step S103, an injection time is calculated by interpolation with the aid of values lying on intersection points 
within the first ignition control map MP1 corresponding to the first injection control mode MD1 at step S1 04. On the other 

w hand, when the throttle position ac is greater than the boundary value AC1 , it is further compared with the boundary 
value AC1 ' which belongs to the first injection control mode MD1 at step Si 05. When the throttle position ac is equal to 
or smaller than the boundary value ACT, a determination is made at step S106 as to whether injection control is in the 
first injection control mode MD1 . When the first injection control mode MD1 is taken, an injection time is calculated by 
interpolation with the aid of values lying on intersection points within the first ignition control map MP1 corresponding 

is to the first injection control mode MD1 at step S104. When the throttle position ac is greater than the boundary value 
AC1 ' or when the first injection control mode MD1 is not taken even while the throttle position ac is equal to or smaller 
than the boundary value AC1\ then, the throttle position ac is compared with the boundary value AC2 which belongs 
to the third injection control mode MD3 at step SI 07. When the throttle position ac is equal to or smaller than the bound- 
ary value AC2. this indicates that the throttle position ac has a value for which the second injection control mode MD2 

20 is taken, then, after switching injection control to the second injection control mode MD2 at step S108, an injection time 
is calculated by interpolation with the aid of values lying on intersection points within the second ignition control map 
MP2 corresponding to the second injection control mode MD2 at step S109. On the other hand, when the throttle posi- 
tion ac is greater than the boundary value AC2, it is further compared with the boundary value AC2' which belongs to 
the second injection control mode MD2 at step S110. When the throttle position ac is equal to or smaller than the 

25 boundary value AC2\ a determination is made at step S1 11 as to whether injection control is in the second injection 
control mode MD2. When the throttle position ac is greater than the boundary value AC2* or when the second injection 
control mode MD2 is not taken while the throttle position ac is equal to or smaller than the boundary value AC2\ after 
changing fuel injection to the third injection control mode MD3 at step S1 12, an injection time is calculated by interpo- 
lation with the aid of values lying on intersection points within the third ignition control map MP3 corresponding to the 

30 third injection control mode MD3 at step Si 1 3. Although the calculation of ignition time is basically achieved by interpo- 
lation at step S104, S109 or S1 13, an ignition time may be calculated by interpolation in the event where there is only 
one intersection point closely around a point at which a throttle position ac lies or where a throttle position ac exactly 
lies on an intersection point. 

After the calculation of ignition time at step S104, S109 or S113, a determination is subsequently made at step 

35 S1 14 as to whether it is time for fuel injection. The determination is repeatedly made until the ignition time has come. 
Finally, the ignition plug 20 is timely actuated to spark to fire a fuel mixture in the combustion chamber 16 at step S1 15. 

Referring to Figure 6 showing a flow chart illustrating the injection timing control sequence routine, the flow chart 
logic commences and control proceeds directly to a function block at step S201 where an engine operating condition 
including a current throttle position or opening ac is detected and the amount of fuel to be injected is read from a map 

40 according to the engine operating condition. Subsequently, fuel injection is made in any given injection control mode 
determined at step S103, S108 or S1 12 in the ignition timing control sequence routine. Specifically, a determination is 
made at step S202 as to whether fuel injection should be made in the first injection control mode MD1. When the 
answer to the determination is "NO," this indicates that either one of the second and third injection control modes MD1 
and MD2 in which both early injection and latter injection take place has been selected, then, after waiting until the injec- 

45 tion time T1 for the early injection at step S203, the early injection is timely made at step S204. Thereafter, a determi- 
nation is made at step S205 as to whether the injection control mode is the third mode MD3. When the answer to the 
determination is "NO," this indicates that the injection control mode is not the third mode MD3 but the second mode 
MD2, then, after waiting until the injection time T2 for the latter injection at step S206, the latter injection is timely made 
at step S207. On the other hand, when the answer to the determination made at step S205 is 'YES," this indicates that 

so the injection control mode is not the second mode MD2 but the third mode MD3, then, the flow chart logic orders return 
without further executing the latter injection. 

Whenever the answer to the determination made at step S102 is "YES," Lfi^the injection control mode is the first 
mode MD1 , the answer to the determination made at step S205 is "NO," then, after waiting until the injection time T2 
for the latter injection at step S206. the latter injection is timely made at step S207. 

55 As described above, the engine control system of the invention selectively determines the first to third injection 
modes MD1 - MD3 according to engine operating conditions and calculates an ignition time with the aid of an ignition 
control map provided correspondingly to the selected fuel injection control mode. In the event where an engine operat- 
ing condition is close to the boundary value, values at intersection points within an ignition control map for an injection 
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mode to which the engine operating condition belongs are used to determine the ignition time suitably for the engine 
operating condition on condition that a calculation of ignition time by interpolation with the aid of values at intersection 
points lying within ignition control maps corresponding to both adjacent injection modes is prohibited. 

In the event where an engine operating condition is close to the boundary value of an injection mode, an ignition 

5 time is calculated by interpolation with the aid of a value within an ignition control map provided correspondingly to the 
injection mode to which the engine operating condition and a value within an ignition control map provided correspond- 
ingly to another injection mode adjacent to that injection control mode. Specifically, as shown in Figure 7 by way of 
example, when an operating condition, h& a throttle position or opening ac, of an increasing engine load, lies in close 
proximity to the boundary between the second and third ignition maps MP2 and MP3 or is slightly lower than a value at 

to the boundary between the second and third ignition maps MP2 and MP3, an ignition time T at a point P2A for the throttle 
position or opening ac is calculated by interpolation with the aid of a value at an extreme intersection point P2 of the 
second ignition control map MP2 which is the closest intersection point to the boundary whose value is AC2' and a 
value at a virtual point P2' established on a higher throttle side from the boundary value AC. The calculation by inter- 
polation is made as follows: 

75 

T(P2A) = T(P2) + {[ac - ac(P2)]/[ac(P2') - ac(P2)]} x [T(P2') - T(P2)] 

where 

T(P2) is the ignition time at an intersection point P2 

ac(P2) is the throttle position or opening at an intersection point P2 

T(P2') is the ignition time at a virtual intersection point P2' 

25 

ac(P2) is the throttle position or opening at a virtual intersection point P2' 

The value at a virtual intersection point P2' represents the most suitable ignition time assuming that, although a throttle 
position or opening is on a higher side of the boundary value AC2', ignition is made based on the second ignition control 

30 map provided for the second injection mode. Such a virtual intersection point is given as a result of analytical examina- 
tions. When a throttle position or opening takes a value ac' slightly over the boundary value AC2' of the second ignition 
control map MP2, an ignition time T at a point P3A for the throttle position or opening ac' is calculated by interpolation 
with the aid of a value at an extreme intersection point P3 of the third ignition control map MP3 which is the closest inter- 
section point to the boundary whose value is AC2' and a value at a virtual point P3' established on a lower throttle side 

35 from the boundary value AC The interpolation calculation of ignition time T(P3A) is made in a similar manner to the 
interpolation calculation for the ignition time T(P2A). 

Otherwise, an ignition time may be calculated based only on a value at a single intersection point in the event where 
a throttle position or opening is close to an boundary value. That is, when a throttle position or opening takes a value 
ac slightly before the boundary value AC2* of the second ignition control map MP2, an ignition time T for the throttle 
position or opening ac is determined based only on a value at an extreme intersection point P2 of the second ignition 
control map MP2 closest to the boundary between the second and third ignition control maps MP2 and MP3 and given 
as a value at a point P2B. Similarly, when a throttle position or opening takes a value ac' slightly over the boundary 
value AC2* of the second ignition control map MP2, an ignition time T for the throttle position or opening ac' is deter- 
mined based only on a value at an extreme intersection point P3 of the third ignition control map MP3 closest to the 

45 boundary between the second and third ignition control maps MP2 and MP3 and given as a value at a point P3B. An 
ignition time for a detected throttle position or opening is close to the boundary value ACT while the engine load 
increases or the boundary value AC1 or AC2 while the engine load decreases, an ignition time is determined in the 
same manner as described above for an ignition time for a throttle position or opening close to the boundary value AC2' 
while the engine load increases. 

so If an ignition time for an throttle position or opening ac or ac' is calculated as a value at a point P or P' by interpo- 

lation with the aid of values at extreme intersection points P2 and P3 of the second and third ignition control maps MP2 
and MP3, respectively, closest to the boundary, it takes merely a mean value of the values at the extreme intersection 
points P2 and P3, which makes it hard to advance ignition timing quickly in response to a switch from the second injec- 
tion mode to the third injection mode or to retard quickly ignition timing in response to a switch from the third injection 

55 mode to the second injection mode. 

As apparent from the preceding description in conjunction with Figure 7, ignition timing is changed in quick 
response to a switch from one to another injection control mode with an effect of significantly reducing a torque shock 
caused during the switch of injection control mode. 
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Figure 8 is an explanatory view showing another manner of determining an ignition time for a detected throttle posi- 
tion or opening which is close to a boundary value. As shown in Figure 7, each ignition control map may have a number 
of intersection points, such as denoted by P20 in the second ignition control map MP2 and denoted by P30 in the third 
ignition control map MP2 for example, at regular short distances between its extreme intersection point (P2 in the sec- 

5 ond ignition control map MP2 and P3 in the third ignition control map MP2) and its boundary. The dense area including 
the intersection points P20, P30 permits approximate determination of an ignition time without calculation by interpola- 
tion. However, the provision of an dense area of a number of additional intersection points imposes constraints not only 
on structure of the engine control unit 40 but on design work. Specifically, the engine control unit 40 is required to have 
an increased capacity of memory for data of the increased number of intersection points and their associated values. 

10 Further, a number of additional intersection points must be determined only after establishment of boundary values of 
the ignition control maps which is generally achieved at a latter stage of design work of the microcomputer of the engine 
control unit 40. These constraints makes the design work of the engine control unit 40 troublesome and increases steps 
of the design work of the engine control unit 40 and its associated elements. Viewed in this light, it is preferred to employ 
the injection time and ignition control map shown in Figures 3 and 7. 

15 Although the ignition time has been described as a control value, a latter injection time or both ignition time and lat- 
ter injection time may be employed as control values. Further, a quick increase in the amount of fuel to be injected may 
be caused to make up a lack of engine output torque during a switch from the first injection control mode MD1 (latter 
injection) to the second injection control mode MD2 (spirt injection). Furthermore, the ignition control map section is not 
always necessary to be divided to separate control maps correspondingly to the separate injection control modes but 

20 may be a single map which covers the entire range of engine operating conditions. In this case, the ignition control map 
is designed and adapted to change the control value discontinuaily at a boundary between each adjacent injection 
modes and, when an engine operating condition is close to the boundary value, the control value is determined on con- 
dition that it is prohibited to perform the calculation of control value by interpolation with the aid of values at intersection 
points corresponding to intersection points of the adjacent injection control modes. 

25 It is to be understood that although the present invention has been described with regard to preferred embodiments 
thereof, various other embodiments and variants may occur to those skilled in the art. which are within the scope and 
spirit of the invention, and such other embodiments and variants are intended to be covered by the following claims. 

Claims 

1 . An engine control system for a fuel direct injection type of engine operative in different injection modes according 
to engine operating conditions and controlled by an engine control value which is calculated for an engine operating 
condition by interpolation with the aid of specified engine control values with respect to specified engine operating 
conditions at continual intersection points of a grid pattern control map. said engine control system being charac- 
35 terized in that: 

said grid pattern control map defines discontinuaily engine control values for an specified engine operating 
condition at extreme intersection points adjacent to a boundary between each adjacent injection modes; and 
said engine control value for an engine operating condition at a point closer to said boundary than said extreme 
40 intersection point of one of said adjacent injection modes based on said specified engine control values at said 

intersection points only on one side of said boundary between said adjacent injection modes without using 
interpolation with the aid of said specified engine control values at said intersection points of both said adjacent 
injection mode. 

45 2. The engine control system as defined in claim 1 , wherein said map defines a virtual intersection point as one of 
said intersection points for an injection mode which is assigned to an engine operating condition demanding engine 
operation in another one on said adjacent injection modes and specifies a specific engine control value suitable for 
the engine H controlled in said one injection mode, and an engine control value for a detected engine operating con- 
dition at a point closer to said boundary of said one injection mode than said extreme intersection point of said one 

so injection mode is calculated by interpolation with the aid of said engine control value at said intersection point and 
said virtual intersection point of said one injection mode. 

3. The engine control system as defined in claim 1, wherein said engine control value at said extreme intersection 
point of said one injection mode is taken as an engine control value for a detected engine operating condition at a 

55 point closer to said boundary of said one injection mode than said extreme intersection point of said one injection 
mode. 

4. The engine control system as defined in any one of said preceding claims 1 through 3, wherein said map comprises 
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a plurality of map sections specified to a plurality of injection modes, respectively. 

5. The engine control system as defined in any one of said preceding claims 1 through 4, wherein said map comprises 
at least two of said map sections specified to an early injection mode in which fuel injection is made in an intake 

5 stroke, a latter injection mode in which fuel injection is made in a compression stroke, and a split injection mode in 

which fuel injection is separately made in an intake stroke and in a compression stroke. 

6. The engine control system as defined in claim 5, wherein said early injection mode, said split injection mode and 
said latter injection are switched in this order in a direction in which an engine load as said engine operating con- 

io d it ion increases. 

7. The engine control system as defined in any one of said preceding claims 5 and 6, wherein a fuel injection time in 
said latter injection mode is determined so as to force fuel to reach near around an ignition plug at a time of ignition. 

15 8. The engine control system as defined in any one of said preceding claims 1 through 7, wherein said engine control 
value comprises at least an ignition time. 

9. The engine control system as defined in claim 8, wherein said map comprises at least two map sections which 
define an ignition time as said engine control value at said intersection points and are specified to a later injection 
mode in which fuel injection is made in a compression stroke and a split injection mode in which fuel injection is 
separately made in an intake stroke and in a compression stroke, respectively, and said ignition time is discontinu- 
ally advanced at a transition of engine operating condition from said later injection mode to said split injection mode. 

1 0- The engine control system as defined in claim 8, wherein said map comprises three map sections which define an 
25 ignition time as said engine control value at said intersection points and are specified to an early injection mode in 
which fuel injection is made in an intake stroke, a split injection mode in which fuel injection is separately made in 
an intake stroke and in a compression stroke, and a later injection mode in which fuel injection is made in a com- 
pression stroke arranged in this order in a direction in which an engine load as said engine operating condition 
increases, said ignition time being discontinuity advanced at a transition of an engine operating condition from 
30 said later injection mode to said split injection mode. 

11. The engine control system as defined in daim 1, wherein said engine control value is one of advancement and 
retardation for fuel injection made in a compression stroke. 

35 12. An engine control system for controlling operation of an internal combustion engine of a type which injects fuel 
directly into a combustion chamber of the engine in different injection modes according to engine operating condi- 
tions; said engine control system comprising: 

monitoring means for detecting an engine operating condition of the engine; and control means having data of 
a map of engine control values with respect to specified engine operating conditions stored in a memory, said 
engine control values for extreme one of said specified engine operating condition adjacent to a boundary 
between each adjacent injection modes being discontinual, for calulating an engine control value for a detected 
engine operating condition by interpolation with the aid of said engine control values at said interjection points 
and for determining an engine control value for a detected engine operating condition closer to said boundary 
45 of one of said adjacent injection modes than said extreme specified engine operating condition of said one 

injection mode based only on said engine control values for said specified engine operating conditions of said 
one injection mode without using interpolation with the aid of said engine control values for said specified 
engine operating conditions of both adjacent injection modes. 

50 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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